In this work we analyze the correlation of the appearing T-wave alternans (TWA) 
Introduction
The empirical evidence suggests that microvolt TWA tests are good predictors of the risk of sudden cardiac death (SCD). An interesting subject of study is the relation between these patterns and the analysis of the regularity of the signals of ECG performed with wavelet leaders. Sudden cardiac death (SCD) is one of the most important public health problems in the world today and is the leading cause of mortality in developing countries. Serious ventricular arrhythmias are the most common mechanism responsible for SCD. Thus, in order to prevent SCD, it is crucial to have effective diagnostic tools to identify patients at risk for these arrhythmias. Unfortunately, despite multiple trials in acute myocardial infarction (AMI) and congestive heart failure, our understanding of how to identify those patients at highest risk for SCD that seem to be related to the presence of the T-waves alternans and how to best prevent this devastating occurrence remains incomplete.
The study of the presence of T-waves alternans in an ECG seems to be strongly related to the distribution, density and dimension of the sets of the points of different regularity Hölder in terms of the dimension of correlation, and the promissory perspectives to warn the presence of the T-wave alternans from the Hölder exponents accumulated.
Hölder exponents and multifractal spectra
The pointwise Hölder exponents provide a natural enough way of quantifying the regularity of a function by means of a positive parameter that measures the major or minor ruggedness of the graph for every point. A function f belongs to 
x . Of this it is immediate that if
So we have that The procedure consists of seven steps: 
For any couple
3. Then, with any point R x ∈ and any scale 0 ≥ j can be associated the coefficient: 
5. Recall that the Legendre Transform of a function 
is log-convex and non-increasing when j is large enough, then the mapping f ξ is concave and non-decreasing on R (as limit of the infimum of non-decreasing concave functions).
7. This kind of free energy functions are naturally introduced to formulate a multifractal formalism for functions based on the representation as wavelet series (see Jaffard, (1997) 
, then: 
Hölder estimation by means of the wavelet leaders:
The pointwise Hölder exponents of a function can be estimated studying the decay of the wavelet leaders in the cone of influence of every point.
Actually, it is well known the characterization of spaces of functions by means of the wavelet coefficients
for some constant C , and with a weaker reciprocal (there appears a factor of logarithmic decay involved). In this line, under general enough hypothesis it is possible to obtain the pointwise Hölder exponent if one assumes that essentially: 
2.2.
Gradient modulus wavelet leaders projection method Turiel, A. et al (2006) [2] use an histogram to estimate the density of the Hölder exponents from the values for the smallest scale, by considering the coefficients: In this way the stability in the face of to oscillating singularities provided by the wavelet leaders is preserved; moreover we also have the freedom of the Turiel method (without the Legendre transform) to about the concavity or non-concavity of the multifractal spectrum. Then we will use the abbreviation: GMWLP (Gradient Modulus Wavelet Leaders Projection), for the algorithm of direct estimation of the multifractal spectrum with wavelet leaders, which four steps we resume as follows:
1. We estimate the Hölder exponents extrapolating at 
, and then: 
Results
The results of the five entries of the TWA-Challenge of PhysioNet confirms the fact that there are a strong correlation between the difference of the multifractal spectra and their concave hulls with a high level of significance, but it is not perhaps sufficient for being the basis of a method of systematic detection of TWA. Notwithstanding it is an interesting subject of study the causes of this correlation. 
Computational complexity of wavelets based methods
The most expensive step is the computation of wavelet coefficients requiring an order of about K . Log(N) . N products where K is a proportional constant from the number of nodes necessaries for implementing the mother wavelet. With exception of when there are reasons to expect high regularity it is sufficient to take (for example, in our implementation) a wavelet of compact support of the fourth order: We use the near- 
Discussion and conclusions
The patterns of many physiological processes exhibit a strong correlation with the regularity of the signals of measurements related with them and consequently with their multifractal spectra. Some examples are the series of EEG before and during epileptic crisis of brain absences, series of human gait in healthy and ill persons, heartinterbeat signals in human races [3, 4] , etc. This suggested us the possibility of a relation between some characteristic of ECGs -normal and pathological-and their spectra, and specifically, the detection of T-wave alternans, because the relation of time-scale analysis and frequency spectrum (where TWA should be reflected) and Hölder regularity -above mentioned-. An interesting question is the use of GMWLP method that can detect non-concave spectra. Such non-concavity may be relevant in processes with superposition of contributions of many sources, and we thought that it can have influence in this problem. To consider this last item we compute the norm in L1 of the difference between the multifractal spectra computed with the GMWLP, and their concave hull. Also we want to mention that the results of the entry indicate that the non-concavity of the spectra, alone, presents a higher correlation than the concave hull of them (computed with the WL), and also higher than a weighted average of the index of nonconcavity and the mean value of the Hölder exponents.
